Glypican-3 is a heparan sulfate proteoglycans (HSPGs) expressed at plasma membrane surface. Several studies demonstrated the re-expression of glypican-3 during the malignant transformation. Glypican-3 expression in hepatocellular carcinoma was suggested to be a diagnostic marker for differential diagnosis of hepatic nodules. The aim of the study is to evaluate the diagnostic value of glypican-3 as tumor marker not only in liver tumors but also in tumors of the other organs. A total of 95 surgically excised human tissues were subjected to immunohistochemical staining using a monoclonal antibody specific for glypican-3. These human tissues cover most of the common normal, benign, malignant and metastatic tumors originated from 27 anatomic sites. The immunohistochemical results revealed that glypican-3 was expressed in 17.4% of the normal tissues studied including stomach, small intestine, kidney (Normal cortex), and pancreas, while, the expression for glypican-3 was positive in 41.8 % of the benign and malignant tumors. The most frequent expressing tumor was hepatocellular carcinoma. Moreover, for the first time, several tumor entities showed glypican-3 expression including malignant meningioma, Hodgkin's lymphoma, B-non Hodgkin's lymphoma,T-non Hodgkin's lymphoma.
HSPGs are proteins widely expressed in mammals constituting the cell surfaces and the extracellular matrix (ECM) 1 . One of the interesting families of HSPGs is glypicans which are bound to external surface of plasma membrane by a glycosylphosphatidylinositol anchor. In mammals' genome, six family members of glypicans have been identified namely glypican-1 to glypican-6 [2] [3] [4] [5] . Their expression levels predominate during development showing variability in the stage and tissue specific manner. Through their two negatively charged chains of heparan sulfate glycan, they act as coreceptors for fibroblast growth factors, insulin-like growth factors and Wnts. These interactions are believed to regulate critically cell signaling events during developmental morphogenesis and adult physiology 2, 4, 6 . In the last decade, the interest for glypicans study has gained an attention by the discovery that glypican-3 act as onco-fetal protein in some tumors. The expression of the gene encoding for glypican-3 mRNA and protein is normally suppressed in some adult tissues and abnormally re-expressed during malignant transformation 2, 7 . Based on the tissue type, glypican-3 tends to show different pattern of expression during tumor progression, it is highly expressed in hepatocellular carcinoma, embryonic tumors, and colon cancer compared with the corresponding normal tissue [8] [9] [10] , while, the expression was absent in mesotheliomas, ovarian and mammary cancers [11] [12] [13] [14] . Therefore, the role of glypican-3 in tumor progression seems to be controversial behaving a tumor suppressor protein in breast and ovary cancers and an oncogenic protein in development of liver, colon and embryonic tumors.
Recently, high glypican-3 expression in hepatocellular carcinoma was applied to differentiate between livers with hepatocellular carcinoma from healthy livers and benign liver lesions ones 10, 15 . Moreover, serum levels of glypican-3 were elevated in patients with hepatocellular carcinoma but not in the other liver diseases 16 . Therefore, glypican-3 was suggested to be a potential serological and histological biomarker for the diagnosis of hepatocellular carcinoma. In this study, the aim was to investigate the glypican-3 expression in different human tissues including most of the common benign, malignant and metastatic tumors originated from 27 anatomic sites, with the focus on evaluating of specificity of glypican-3 as a potential diagnostic tumor marker not only in liver tumors but also in tumors of the other organs.
MATERIALS AND METHODS

Tissue specimens
Ninety five tissue specimens were selected to be enrolled in the study originated from 27 anatomic sites, out of them seventy two were from 40 tumor entities and the rest were normal tissue specimens from different organs. All the samples were previously collected for other purposes form Royal Medical Services and King Abdullah University Hospital. All personal data for samples were kept anonymous. The study was ethically approved by the Ethics Committee, Faculty of Medicine, University of Mutah.
Immunohistochemistry
Four µm-thick formalin-fixed and paraffinembedded (FFPE) tissue sections were deparaffinised and rehydrated by transferring them through xylene and serial dilutions of alcohol. To block endogenous peroxidase activity, the sections were treated for 5 minutes with 3% hydrogen peroxide (H 2 O 2 ) (Abcam, UK).Antigen retrieval was performed by microwaving the slides at 600W for 20 minutes in citrate buffer (10 mM citrate buffer, pH 6.0). Prior to antibody incubation, the nonspecific binding sites of the antibodies were blocked by incubating the sections for 20 minutes at room temperature with 1.5% normal goat serum. Sections were then, incubated with rabbit monoclonal anti-glypican-3 (clone:SP86) (Abcam, UK) at concentration of (5 µg/ml) for one hour at room temperature. Following the treatment with primary antibody, each section was incubated with goat anti-rabbit peroxidase-conjugatedsecondary antibody (Vector Laboratories Ltd, Peterborough, UK) (7.5 µg/ml) for 30 minutes at room temperature. Immunoreactivity was visualised by incubating sections with 3,3-diaminobenzidine (DAB) (Vector Laboratories Ltd, Peterborough, UK) solution for 3-5 minutes. Following the colour development, sections were then, counterstained in Harris's haematoxylin solution mounted with coverslips using DPX medium. The slides were viewed and analyzed by using a Leica DMRB microscope (Leica DMRB, Wetzlar, Germany) with the images digitally captured and processed using a Leica MPS52 camera (Q Imaging, Germany) and the AcQuis imaging capture system (Synoptics, Cambridge, UK), respectively.
Normal tissues
A total of 23 normal tissue samples were tested for glypican-3 expression.Glypican-3 expression was positive in normal tissue of stomach, small intestine, kidney (normal cortex), and Pancreas [17.4%] (Figure.1 ).Other normal tissues were negative for glypican-3 expression and these include adrenal gland, bladder, breast, colon, cerebellum, cerebra, oesophagus, liver, lymph node, rectum lung, ovary, prostate, salivary gland, testis, thyroid, skin, uterine endometrium and uterine cervix.
Benign and malignant tissues
A set of 67 benign and malignant tumor specimens related to 40 tumor entities were evaluated for glypican-3 expression, which was positive for 28 tumor samples (41.8%) while, the others were negative. Several types of benign tumors demonstrated glypican-3 expression (88.8%) including adenomas of breast, small intestine, colon, ovary and thyroid. Regarding the malignant types and as expected, the most prominent tumor type that expresses glypican-3 was hepatocellular carcinoma (4/5, 80%). Other malignant tumors also, showed glypican-3 expression including carcinomas of transitional cell of bladder, squamous cell of esophagus, small cell of lung, squamous cell of tongue, malignant meningioma, melanoma, seminoma, hodgkin's lymphoma, B-non hodgkin'slymphoma,T-non hodgkin's lymphoma, as well as adenocarcinomas of breast, colon, rectum, and prostate. (Figure 2 ).
Metastatic tissues samples
Here, several metastatic tissue samples were investigated for glypican-3 expression. These tumor tissues were surgically excised from metastatic sites of liver, lung, ovary and lymph nodes, which were originally derived from primary carcinomas of colon, gastric, breast and squamous cell of lymph node, respectively. The expression of glypican-3 was only positive in metastatic ovarian tissues that were originally derived from colon carcinoma (Figure 2 . U).
DISCUSSION
The key rational of the current study is to address the usefulness and potential diagnostic options of glypican-3 not only in liver cancers but also in other tumor types. A confident diagnosis of tumors is really a critical step before any treatment. Therefore, the development of new tumor biomarkers that offer sensitive, cheap and specific detection of tumors is urgently needed 17 . Several trials to establish an immunohistochemical detection method were made to optimize experimental conditions including the antigen retrieval method and concentration of monoclonal anti-glypican-3 antibody (clone: SP86), where different antigen retrieval treatments were used to provide better morphology.
Although, several studies were conducted on the expression of glypican-3 in human tumors, but, little researches investigated its expression in normal human adult tissues. The obtained results in the current study revealed a remarkable pattern of glypican-3 expression in the normal tissues of stomach, small intestine, kidney (normal cortex), and pancreas. In contrast, Baumhoer et al. 1) reported the expression of glypican-3 only in gastric glands, kidney tubules, and testicular germ cells but not in the small intestine and pancreas. This observation led us to question whether and how frequently glypican-3 was expressed in normal tissues.
Our study showed over-expression of glypican-3 expression in adenomas of breast, small intestine, colon, ovary and thyroid tissues versus the corresponding normal tissues. Regarding the malignant tumors, the immunohistochemical results in the present study showed that hepatocellular carcinoma was the most prominent and frequent tumor that expresses glypican-3, while, it was undetectable in the normal liver tissues. This high expression of glypican-3 was similar to previous studies which further support the potential diagnostic value of glypican-3 as a biomarker for hepatocellular carcinoma 16, [18] [19] [20] [21] [22] [23] [24] . As most of the reports focused on the utility of glypican-3 expression as a biomarker for hepatocellular carcinoma, other reports highlighted a broader carcinogenetic role of its expression in melanoma 25 , germ cell tumors [26] [27] [28] , and embryonic tumors 8, 9 . Our findings are consistent with glypican-3 expression in carcinomas of transitional cell of bladder, squamous cell of tongue and esophagus, small cell of lung, as well as adenocarcinomas of breast, colon, rectum, and prostate. Some of these tumors were recently reported to express glypican-3, while in malignant meningioma, Hodgkin's lymphoma, B-non Hodgkin's lymphoma,T-non Hodgkin's lymphoma, it had never been described before. So, the use of glypican-3 as a biomarker should be very limited as many tumors that can express glypican-3 may be mistaken with hepatocellular carcinoma.
CONCLUSION
Although the literature had suggested that the expression of glypican-3 is a characteristic of hepatocellular carcinoma. Our findings in the present study confirmed that glypican-3 had a limited impact as a biomarker and should be combined with other immunohistochemical markers to improve the accuracy of diagnosis of liver cancers. This came from the fact that our study showed glypican-3 expression in several tumor entities for the first time. This renders the use of glypican-3 as a sole biomarker for diagnosis of liver cancers and other tumor types.
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